The compact tension (CT) test is frequently used to determine fracture properties of metallic materials, such as fracture energy, fracture toughness, crack propagation rate and J-R curves. In the case of cement based composites, a modified compact tension (MCT) specimen can be advantageously used due to the negligible stress concentration arising around the pulling dowel pins during the test. In this work, finite element calculations are used to determine the calibrations curves for the stress intensity factor K, COD, CMOD and CMOD(4), needed for an accurate determination of the fracture parameters, as a function of the ratio a/W. Nominal diameters are selected according to the used core bits between 50 mm and 300 mm.
INTRODUCTION
Many concrete structures are subjected to repeated loadings during their service life, whereby prediction of potential fatigue crack path is crucial for safety evaluation and structural design of relevant components or structures, e.g. bridges, seashore structures, runways, etc. Because of the complex stress distribution on the structure surface, prediction of where surface crack path starts is always a challenge for engineers and research scientists due to their negative effect on durability of concrete when combined with e.g. corrosion of steel bars under chloride penetration and carbonation through these cracks, etc. Furthermore, inspection of crack propagation on surfaces with maximum stress is also significant for predicting the residual fatigue life of concrete structure and for establishing repair schedules of the reinforcement. For determining the fracture parameters of quasi-brittle materials like concrete, three point bending (3PB), four point bending (4PB) or wedge splitting tests (WST) are used for which the K-calibration and compliance curves are typically determined, see [14] , [11] .
Among the test configurations mentioned, the 3PB or 4PB specimens are not appropriate for determining the fatigue properties of real constructions, due to the large mass of material required in the specimen preparation, while in the WST test the grips causes troubles under fatigue load, etc.
As an alternative, the modified compact tension (MCT) test can be recommended for fatigue testing (e.g. to check the residual life) of specimens from concrete constructions due to the round shape of the extracted drilling core samples [11] . Modified compact tension specimens, though with rectangular shape and glued steel plates at the sides, were already used by other authors for studying the influence of the load [15] , dynamic fracture of CT specimen [12] or checking the cohesive law [8] . Fig. 1 Detail referred to the measured points of MCT specimen as defined as the COD, CMOD and CMOD(4) positions Due to the above reported lack in research, a parametrical study of MCT specimens within the framework of linear elastic fracture mechanics (LEFM) is carried out in this work. Note, that though LEFM is not strictly suitable for material like concrete, the fracture toughness and Young's modulus are supposed to be acceptable when taken from the pre-peak branch or during high cycle fatigue loading account given of the small process zone resulting from the stress field at the crack front. The fracture parameters describing the concrete behavior are introduced as stress intensity factor (K) and Crack Opening Displacement (COD), Crack Mouth Opening Displacement (CMOD) and Crack Mouth Opening Displacement, the latter at a distance of 4 mm (due to clip gauge) outside the specimen forefront (CMOD(4)), see Fig. 1 . The K-calibration and compliance curves for modified compact tension specimen are prepared for different specimen diameters, which are assumed to correspond with the drilling core [6] . The values of K-calibration and compliance curves are compared and the values of the coefficients are given in tables.
THEORETICAL BACKGROUND
The output obtained from the fracture test of concrete is the recorded Load -Displacement diagram, from which the fracture parameters as E-Young's modulus, K IC -fracture toughness, G ffracture energy etc. can be determined. On its turn, the fatigue tests provide the COD-N (crack opening displacement versus number of cycles) diagram for constant force, from which the ParisErdogan law parameters (m, C) can be obtained. [3] The reference dimensions of MCT specimens are D -diameter, W -width (according the ASTM W=D/1.35), a -crack length and B -thickness, all in mm, see in Fig. 2 .
The diameter values were selected in order to cover all possible core drilling sizes in the practice, e.g. 50 mm corresponding to 2 inch [2] , 100 mm as the standardized Brazilian cylinder size [9] , [1] , 150 mm as the typical standard specimen size for compressive test [13] , [1] , and further, 200 mm, 250 mm and 300 mm, see [6] .
In the present numerical study,  (relative crack length) is defined as the ratio of the effective crack length, i.e. the distance between the alignment of the applied force and the crack tip, and the effective specimen width, i.e. the distance between the alignment of the applied force to the end of the specimen:
(1) where: a -is the crack length [mm] and W -is the width [mm].
Fig. 2 Sketch of the modified compact tension test (MCT)
According to the fracture mechanics approach [3] , the stress field around the crack tip of a two-dimensional crack embedded in an isotropic linear elastic body subjected to normal mode I loading conditions is given by the following expressions [3, 16] The value of the stress intensity factor for the MCT geometry in linear fracture mechanics is derived from the following formula:
where . For the COD values is it so important the knowledge about the thickness of the specimen, in the study cases the calculation was done for plane strain condition, because the used thickness for pilot experiment was 60 mm [7] . The values of COD (crack opening displacement), CMOD (crack mouth opening displacement) and CMOD(4) (crack mouth opening displacement at 4 mm outside the specimen for front) as a function relative crack length  are introduced in the following:
where f(a/W) -is a dimensionless function depending on the measured point as defined, respectively, by COD, CMOD or CMOD(4), and 0 y u is given by the expression:
where 
NUMERICAL SIMULATION
The finite element (FE) software ANSYS [4] is used for numerical calculation of the fracture parameters. Three examples of the specimens handled are shown in Fig. 3 , the models of which are arranged from element PLANE82, the smallest one at the crack tip being 0.25 mm. Only one half of the MCT specimen needs to be considered because of the symmetry. At the crack tip, these elements degenerate to triangles with mid-side nodes of element edges pointing to the crack tip and shifted to a one fourth of the position along the element edge in order to introduce the proper r / 1 stress singularity, see command KCALC [4] . The material input data for concrete and steel used in the numerical simulation are the following: Young's modulus E c = 44 GPa, E s = 210 GPa and Poisson's ratio  c = 0.2,  s = 0.3, respectively. For the numerical solution, a load P = 100 N is applied. Fig. 4 shows two examples of the MCT finite element models with the corresponding boundary conditions.
The stress intensity factor K I values are computed in two different ways, namely, using the stress difference method [18] and the KCALC command [4] . The calculations provided by ANSYS are controlled by means of the results provided by [16] [11] [14] and [5] (the finite element model was prepared in the CT configuration, the results were check to obtain less than 1% difference, that the used model was remodeled to MCT geometry), e.g. with the stress intensity factor for the compact tension specimen calculated as follows: 
where P -is the external load [N], and , B and W have the same meaning as before. 
RESULTS AND DISCUSSION
Six different MCT specimen configurations are investigated. The numerically calculated values of the normalized stress intensity factor (i.e. B 1 ()) for the MCT specimens are summarized in Table 1 and plotted in Fig. 5 . The compliance expressions related to the specific measurement location (COD, CMOD and CMOD(4)) for the MCT are presented in Tables 2-4 and shown in Fig. 5 .
Stress intensity factor (SIF)
The SIF is calculated by Eq. (3), where B 1 () are the dimensionless K-calibration functions shown in Fig. 5 . The symbols are the results obtained from the finite element analysis whereas the full curves are the fitted values. The SOLVER© software routine, available as an additional plug-in
P P
in Microsoft Excel, is utilized to perform the regression analysis of the FEA data. This routine searches the set of values of the fitting factor constants or parameters by minimizing the sum of squares of residuals, i.e., the differences between the actual and the corresponding prediction values. The prediction seems to agree well with the analytical data. 
where C 0 , C 1 , C 2 , C 3 , C 4 , C 5 are constants obtained through numerical analysis for COD, CMOD, CMOD(4) as reported in Table 2 , 3 and 4, respectively.
The equations are valid along the range 0.2a/W0.85 and have an accuracy higher than 98%. The obtain curve can be used for experimental campaign for estimation average crack length in each point of load-displacement diagram. 
CONCLUSIONS
This study is prepared to support the experimental campaign that was done on concrete specimens with steel bars for load application. The CT compliance function could not be used due to material interface (steel -concrete) and due to different distance of load application.
The influence of specimen size and crack depth ratio on the calibration curves for modified compact tension specimen is analyzed using linear elastic fracture analysis. The specimen geometry allows the user to obtain efficiently crack growth data under a displacement controlled test. Finite element analysis is used to obtain the stress-intensity factors and displacements over a wide range of crack/length to width ratios (a/W).
Expressions for estimating values of the stress intensity factor, and crack length from measurement of crack opening displacement, crack mouth opening displacement and crack mouth opening displacement in 4 mm (compliance) are provided for the MCT specimen geometry.
